I. Introduction
Linus Pauling's 1-4 resonating valence bond (VB) theory, hereafter denoted RVB, yields simple consistent explanations of several molecular phenomena, and synchronized resonance has become very popular, appearing in most chemistry textbooks. Although less familiar, unsynchronized resonance of covalent bonds through a metal has also proved to be a very useful concept for understanding electrical conductivity and other metallic properties.
General VB theory admits not only various spin-coupling schemes that label regions of a Such unsynchronized resonance requires, however, that the atom receiving a bond (Li + or Li)
have an orbital available for receiving the electron. It is the possession of this orbital, the metallic orbital, in addition to the orbitals required for occupancy by unshared electron pairs and 2 bonding electrons, by all or many of the atoms in the condensed phase that makes possible unsynchronized resonance of covalent bonds and gives rise to metallic properties. By a succession of shifts by single bonds, a negative charge is seen to move in the appropriate direction from atom to atom in a crystal 6 .
Fifty years ago Pauling identified the metallic orbital in describing the nature of transition metals 1 . In 1987 he employed the concept of metallic orbital and the same statistical arguments to explain superconductivity in some copper oxide compounds 4 . The present authors recent VB and molecular orbital (MO) calculations showed that the metallic orbital and unsynchronized RVB structures yield useful descriptions of a wide variety of phenomena 5- 22 . This paper presents a concise review of RVB theory with new applications based on both ab initio and semiempirical calculations. In Sec. II we describe conductivity in metals and organic polymers, photoconductivity in nickel dihalides, superconductivity in YBa 2 Cu 3 O 7-δ , magnetism of iron, dissociation of diatomic molecules on 3d-transition metal surfaces, O 4 formation, and chemical carcinogenesis-all in the RVB formalism 5- 22 . Computational details are given in Sec. III.
Conclusions follow in Sec. IV.
II.1 Generality of RVB Theory
Pauling's idea was based on empirical arguments when he demonstrated the value of unsynchronized resonant structures as a tool for understanding the properties of metals.
However, we can also show that RVB theory works using ab initio calculations. In the lithium case, consider, for example, a Li 4 cluster with D 2h symmetry ( Figs. 1 and 2 ). Labeling the orbitals of atom 1 as 1 (normal orbital, occupied in common Kekule covalent or ionic structures) and 1´ (metallic orbital, occupied only in Pauling structures) and so on, the structures can be 3 represented as ordered sequences of numbers (labels of the occupied orbitals). A Kekule covalent structure, for example, with bonds 1-3 and 2-4 would then be represented as:
A typical Pauling structure, say 133´4, would then be written
in which the 1-3 bond involves the normal orbitals of atoms 1 and 3 but the 3´-4 bond involves the metallic orbital of atom 3 and the normal orbital of atom 4. Here θ denotes a S = 0 spin wavefunction, (cf, ref. can be rationalized in terms of unsynchronized resonating structures (Fig. 3 .) In Figure 3 , the apparently pentavalent carbon carbon atoms in the second and third VB structures arise only if two non-orthogonal localized MOs are used to accommodate the four π electrons. The types of unsynchronized resonance used for the two cases differ, see for example refs. 24-26. In the presence of an applied electromagnetic field, electrons tend to move from atom to atom.
By a succession of bond shifts, negative charge moves toward the anode. In a similar way positive charges (electron holes) move toward the cathode. The probability of resonance is small for a chain of atoms with alternating single and double bonds -there are only two structures. As the sequences are interrupted, for example, by oxidation (or reduction) of a carbon center, the probability of unsynchronized resonance is increased. The mobile charge carriers introduced in the π-electron system are responsible for the electrical conductivity of conducting polymers. It 6 must be noted, however, that charge transport is limited by microscopic defects and sample imperfections.
We now consider RVB in describing insulating materials. Mott 
where X represents F, Cl, Br, and I. As required for unsynchronized resonance of covalent bonds, the atom receiving a bond must have an orbital available for electron reception. MS-Xα calculations indicated that this orbital can be identified as the unoccupied metallic 3d:e g spin minority molecular orbital (the 4e g molecular orbital in the NiF 6 -4 cluster has large Ni:3d
character [8] ). The p → d charge transition creates the M -state Ni(3d 9 ) as well as the hole in the p band. Therefore, the structure required for unsynchronized bond resonance (M + X -M -) is 7 attained when the photohole is transferred from the anion p band to the 3d state of the nearestneighbor nickel ion, creating the M + state Ni(3d 7 ). The process can be described as:
where L is a ligand hole. The creation of the M + and M -charge polarized states is a chargetransfer process in which one electron moves from the ligand to the metal and a hole moves from the ligand to another nickel in the opposite direction. The photohole excited state 3d 9 2p 5 3d 8 decays to the 3d 9 2p 6 3d 7 state. The global process is equivalent to the shift of a covalent bond from one nickel to another in the crystal, making RVB equivalent to Mott-Hubbard theory in the sense that two metal atoms are involved in the electron transfer. There is a resonance from 2Ni
+2
to Ni + and Ni +3 . A direct consequence of this interpretation is that the magnitude of the band gap is determined by p → d charge-transfer energy, i.e., there is a dependence of the band gap on the electronegativity of the ligand and it is possible to reduce the conductivity gap by an appropriate choice of ligand. The difference between the insulator NiO and the conductor NiS, for example, is that in the insulator the electrons are localized in the 2p band and require energy for the first step of the unsynchronized resonant-valence-bond mechanism, while for metallic NiS the first step is facilitated by itinerant electrons of the hybridized Ni(3d) and S(3p) band, with no charge transport gap 6 .
It has been noted that (NiF 6 ) 4-with a 3 A 2g ground-state is a hypoligated transition metal complex 27 . A VB description for this complex involves resonance between 15VB structures, each of which involves four (polar) Ni-F electron-pair bonds (each as (σNiF 2 ) (σ*NiF 0 )), using a simple MO formulation of the wavefunction for the electron-pair) and two Ni-F Pauling three-electron bonds (each as (σNiF 2 ) (σNiF 1 )). The two (parallel-spin) odd-electrons occupy the two antibonding MOs. With this type of VB description, perhaps the photoconductivity could also be formulated via the transfer of an electron from an antibonding σ*NiF MO located around an adjacent metal center 27 .
II.2. Superconductivity
In BCS superconductivity theory, the interaction of electrons and phonons causes a clustering of electrons that move in phase with a phonon when the energy of this interaction is greater than the phonon energy 4 . In RVB theory the electronic structure of the metal is described in successive steps involving integrals of decreasing magnitude. At first, two electrons with opposite spins and occupying orbitals on adjacent atoms form a covalent bond, which may have some ionic character. Second, these covalent bonds resonate among alternative positions in the metal. RVB theory is in many ways equivalent to the conventional band theory of metals, but it has the advantage that it far more easily permits discussion of the dependence of metal properties on the identity of the constituent metal atoms. 
II.3. Magnetism in Iron
A theory of superconductivity should explain the Meissner effect, which shows that a superconductor is a perfect diamagnetic system; magnetic flux is excluded from all but a thin 
II.4. O 4 Molecule
Various 
II.5. Dissociation of Diatomic Molecules on Transition Metal Surfaces
Heterogeneous catalysis serves today as the basis for most petroleum and chemical technologies and has substantial importance for the life sciences as well as for environmental protection. process leads to a build up of negative charge mainly on carbon, although a significant portion also delocalizes onto oxygen 11-17, 21 . In the next step, the C-O bond is transferred to the metal surface. Then CO dissociation occurs when the electron returns to the surface, restoring electrical neutrality as it must in a catalytic process. The electron traverses a closed loop while 14 dissociating the CO molecule. Note that the condition for the dissociation is determined by the amount of charge-transfer in the first step, which is generally larger in the tilted configuration (and the consequent C-O weakening.) If there is no metal → CO charge transfer, then molecular adsorption will be observed.
Experiments have established that CO adsorption on the first-row transition metal surfaces, Sc to Fe, leads to dissociation, whereas for Co to Cu, CO remains adsorbed on the surface. Ab initio charge transfer calculations for the monocarbonyl complexes are in agreement with these experimental results. It was found that each metal from Sc to Fe is positively charged in the monocarbonyl M-CO system consistent with the unsynchronized resonating-valence bond mechanism of CO dissociation. For Co, Ni, and Cu, however, no net charge transfer was found.
Furthermore, higher metal → CO charge transfer is obtained for the inclined molecule (~45° relative to the surface.) The tilted state was identified as the precursor state for CO dissociation.
The observed preference for charge transfer in the bent structure is consistent with the present model, since a bent and charged adsorbed molecule is predicted as the intermediate state in the second step of the unsynchronized RVB mechanism. Our model was also extended to N 2 (A, B = N) interaction with transition metal surfaces as well as the diatomic molecules O 2 , H 2 , and NO.
In general, in the tilted configuration, large charge transfer weakens A-B bonds and lowers stretching frequencies 11-17, 21 . We note, however, that more accurate VB calculations would be helpful in order to shed more light on how the CO bond and other diatomic-molecule bonds are fully broken. For discussions regarding the types of unsynchronized resonances which could be relevant for the phenomena described in Fig. 5 , see refs. 24-26. transfer, which leads to DNA-carcinogen bond formation, can be described in the framework of RVB theory (see Fig. 6 ). The benefit of introducing Pauling's theory is that it permits the rationalization of the electron transfer process in terms of the molecular structure of the isolated molecules. Using the frontier orbital approximation, the DNA-carcinogen interaction is treated as an electron transfer from the HOMO of DNA to the LUMO of the carcinogen. This unsynchronized resonance requires that the system receiving a bond have an orbital available for electron reception. It is the existence of such an orbital, the LUMO of the carcinogen with the appropriate energy that makes possible DNA -> carcinogen electron donation and subsequently DNA-carcinogen bond formation. Chemical carcinogens can be divided into two main groups:
II.6. Chemical Carcinogenesis
those that act directly on DNA, and those that act indirectly. In the majority of compounds that can induce cancer, the ultimate carcinogen is a metabolite of the original compound.
Nitrosamines, for example, are not carcinogens per se; they must be metabolized to be converted into ultimate carcinogens 38-40 . Nitrosoureas, unlike nitrosamines, are direct-acting carcinogens.
For dimethylnitrosamine (DMN), a considerable body of evidence indicates that damage to cellular DNA and proteins is caused by diazomethyl and dazomethane metabolites 39 .
Notwithstanding the considerable research on carcinogens, many features of their formation and metabolism are still not fully understood. There is evidence that different carcinogen-derived alkylating agents react at specific guanine sites 40 . Oxygen alkylation is believed to be a critical To obtain an approximate view of the nucleophilic sites of DNA, we considered the HOMO energy of the DNA/RNA base units. The tautomeric forms of these bases were also calculated.
Among the DNA bases, guanine has the highest HOMO energy and can be considered the preferential site for carcinogen attack. The major HOMO components of the guanine base are localized at specific nitrogen and oxygen sites indicating that these atoms are the most appropriate centers for interaction with the carcinogen. Experimental evidence leads to the same conclusion 34-36 . Pauling and Cameron 42 pointed out that vitamin C has anticancer action. 17 According to the present model one can consider that the protector agent competes with the substrate (DNA, proteins) in donating an electron to the carcinogen. We found that the ascorbate HOMO energy (-3.19 eV) lies well above the guanine HOMO energy (-7.91 eV), indicating that the ascorbate ion is energetically favored for the interaction with the carcinogen relative to the DNA base. It is known that ascorbic acid metabolizes (almost 100%) to ascorbate anion in the human body. In general, anions have high HOMO energies and hence they can react as protectors. It has been reported that the increase of degenerative diseases has been correlated to the reduction of anions in air 43 .
In the absence of more sophisticated calculations we suggest that the carcinogen-DNA interaction be described as an electron transfer from the HOMO of the substrate to the LUMO of the carcinogen. It is found that this electron transfer occurs preferentially from the guanine base. In addition to the numerous applications discussed in this work, further investigations could reveal an even wider variety of phenomena that can be explained by the RVB theory. 
